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resonator. The aim of this article is to derive a general 
formula for the radiation probability of a molecule in a 
resonator. It is assumed that the energy spectrum of a 
molecule inside the resonator consists of two non-overlaj) jing 
continuous bands having an identical width AE and 


average levels Ey and E, - The ensemble of the con- 


tinuous quantum numbers determining a state will be 
denoted by «a ; the energy in the state a i8 equal to 
Ey »- The problem consists of determining the probability 


W. of a Spontaneous transition (per unit time) of the 


molecule from a state ay 


energy band into a state a in the first energy band. 
& 1 § 


c segs? 
If wee as the probability of a spontaneous transition 
lve 


from the state a, into the interval (a, a, + 


corresponding to the second 
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the desired probability is expressed by: 


chi 
= \ oa aay da, da, 
ae 


where s is the probability that the molecule is 


in the state (a,, a5 + da, ) - It is shown that the 


probability we is given by Bq (9). By substituting 


a 
2°1 
Eq (9) into Eq (2), it is possible to obtain an expressi-:: 
for Wee » This can only be evaluated if the functions 


2 
f(E ) and Pp are known. As regards the latter 
a, AjA5 


it is assumed that it is equal to jeial - The 


probability can then be written as Eq (10), where 
Oo, = QE/h . Two special cases can now be considered. 
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When O05 KK Aun w/a » the probability is expressed 


by: 
4an- w 1 
Mon [ual? a SB on 
ch 12 5 een a 5 a) . 
S| Qv (5 - o,) + (w5/Q) 


On the other hand, when oo, » Bw n~~ w /Q , the 
° 
probability is given by: 


ho, Aw 


: == (15) 


Yon = 
VAu dus, 


The authors express their gratitude to N.G. Basov and 
A.M. Prokhorov for discussion of the problems consider ei 
in the paper. 
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Pekar Seale 
TITLE: On the Theory of a Molecular Oscillator (K teorii 


molekulyarnogo ceneratora) 
PERIODICAL: Radiotekhnika i elektronika, 1959, Vol 4, Nr 4, 
op 718 - 723 (USSR) 
ABSTRACT: The system considered has two isolated energy levels W. 
and We » The steady-state of the system is described by 
functions aA and y - When the system is acted upon 


by an electromagnetic field, its behaviour can be 
described by (Ref 7): 


Wt) = a(t)y. + b(t) (1) 


«* 


The dependence of the quantities a(t) and b(t) on 
time is described by Eqs (2), where F represents the 
radiation field, while Yab is the matrix @lement of the 


dipole moment, which is defined by Eq (3). The macroscopic 
Cardl1/§ description of the system can be achieved by determining 
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its polarisation, p(t) , which is defined by Eq (4). On 
the basis of Eqs (2), the polarisation should een bi 

i ‘ e 
Eqs (5), where rand @ 5s are defined by Eqs ( 


average polzisation can be described by Eq (8). ee 
Consequently, the average polrisation should satis y s 
Eqs (9). If now the medium having an average polarisation 
P(t) is situated ina metallic resonator, the system can 


be described by: 


Card2/Q 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 


CIA-RDP86-00513R0012381 


ZAPEROVEP ssh ‘iets nee August 01, 2000 slhieeat ara 00513R001238 


> Sepa seth SPO AR SESAME RIPARICS psR I SSE Ries 


SOV/109-4-4-19/ 24 
On the Theory of a Molecular Oscillator 


2 
a oe aly a’ P 


-~ kan — , 
pe : “0G ° 2 
dt 
dt Q. 
a’p w dP ¥ ab a8 
pe ede = (Re R's 
g 
9 
dt™ Q] at a 
ip 1 
dR 1 wo p d 
oe Te! Ce ie ue eee (= ++») 
ey 
dt 2 Qy wv dt 


where Q is the equivalent quality factor of the 
eeeenahar Eqs (I) show that a molecular oscillator 15 
Card3/§ 
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a system with 2.5 degrees of freedom. The third of these 
equations shows that the non-linearity of the oscillator 
is of the inertia type. The quantity R can approximately 
be expressed in the form of Eq (13). In this case, Eqs (I) 
are similar to those of a typical oscillator with an 
inertia-type non-linearity; the system is then describod 
by Eqs (II). By adopting the notation defined by Eqs (15), 
the system can be described by Eqs (Ia) or (IIa). The 
latter equations can be employed to investigate the problem 
of synchronisation. This is described by Eq (16). The 
Solution of Eqs (16) is in the form of Eqs (19), where the 
parameters R, P and Q are defined by Eqs (20). The 
author expresses his gratitude to N.G. Basov for a number 
of valuable remarks. 


There are 12 references, 9 of which are Soviet and 
3 English. 1 of the Soviet references is translated from 


English. 
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Role of the form factor in Wes t + et + e- decay. Jer fiz, 
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1. Fiziko~tekhnicheskiy institut AN USSR. 
(Mesons-—Decay) 
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(estado tS A Lhe Lida A AS de iain tg, 
TITLE: Absolute Stability of a Maser Oscillator Employing a 
Beam of Ammonia Molecules 


PERIODICAL: Radiotokhnika i eloktronika, 1959, Vol 4, Nr 7, 
pp 1185 - 1195 (USSR) 


ABSTRACT: Maser oscillators have been described and analysed in a 
number of papers (Refs 1-9). In particular, an 
oscillator of this type can be constructed by employing 
two beams converging on each other; the system employs 
the inversion transition line of ammonia, J = 3, K = 2 
In this oscillator, it should be possible to obtain 
absolute frequency stability of 10-10 oreven 10711 


In the following, it is shown that the Same stability 
in a maser oscillator can be obtained by employinc two 
coupled resonators; this was first realized by 

J. Bonanomi et al. (Refs 8,9). This method is more 
advantageous than the previous one since it does not 
require any special adjustment of the frequency during 


the operation of the oscillator. The frequency of the 
Cardl/4 
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oscillations in a maser oscillator is given by: 


2 
ow wt - w of - y 
fe) 


fe) 
——— -qQ— —z— _ = 2a 
e" w 2) w 
° ° re) 


Where ¢e€' and e" are the real and the imaginary parts 
of the complex permittivity of the molecular bean, 
respectively; Q is the Quality factor of the resonator, 


ee is the natural frequency of the resonator and 
9 


2 2 -2 
ot = wif + Q ") . Eq (1) can also be written as 


Eq (2), where <x) is the average transit time of the 
molecules in the resonator, while y is Siven by the 
formula following Eq (2). Further, Eq (1) can be written 
as Eq (3), where A, 4, and Qa, are defined by the 


last equations on p 1187. The functions o(y) and F(@) 
Cara2/4 Fe dofined by the equations on p 1188. The components 
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of the permittivity are expressed by Eqs (4). Eq (1) 
can therefore be written as Eq (6) where 4 is given 
by Eq (7). The oscillation frequency is therefore given 
by Eq (8), where Wan 8 the frequency of the molecular 


transition. The formulae can be used to evaluate the 
frequency devition A as a function of the voltage a 

of the grouping system and the saturation parameter a. The 
results are plotted in Figure 1. It is seen that for the 
voltage change from 5 to 35 kV, tae oscillation frequency 
changes by about 70 Cep-8. When the oscillator consists 

of 2 coupled resonators, its frequency deviation, with 

respect to the frequency of the molecular transition, 

is expressed by Eq (20). This can be rewritten and is 

then in the form of Eq (24), where 2, a, and i, 


are the roots of Eq (23). If the two resonators are 
tuned so that the three roots coincide with w with 
an error of a few percent of 1/Q , it is possible to 
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Secure an absolute stability of the oscillator of the 


order of 1072+ > ‘2% The -° design . details of a two- 


resonator oscillator are indicated in Figure 3. There 
are 3 figures, 2 tables and 19 references, of which 8 are 
English, 2 German and 9 Soviet. 


ASSOCIATION: Fizicheskiy institut im. P.N. Lebedeva AN SSSR 
(Physics Institute imeni P.N. Lebedev of the Ac.&c., 
USSR) 

SUBMITTED: February 18, 1958 
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AUTHORS: Basov, N.G., Nikitin, V.V., and Orayevskiy, A.N. 


TITLE: Investigation into the dependence of the frequency of 
molecular generators on various parameters. Part 1 
(Theory, line: J « 3,-K = .2) 


PERIODICAL: Radiotekhnika i erektronika, v. 6, n. 5, 1961, 
796-805 


TEXT: The work presented in this article was undertaken in order to 
explore the possibility of utilizing a molecular generator as an 


absolute frequency standard having an accuracy of about 10-10, In 
order to determine the type of construction required and its over- 
ation, a detailed accountof how its frequency depends on the vari- 
Ous parameters has been undertaken. Several attempts to evaluate 
the influence of various facturs in the osciliation frequency have 
been made by N.G. Basov, and A.M. Prokuorov (Ref. 1: Uspekhi fiz. 
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nauk 1955, 1, 7, 485) and by K. Shimoda, T.C. Wang and C.H. Townes 
(hef. 2: Phys. Rev. 1956, 5, 102, 5, 1308), the dependence of the 
frequency of the molec.lar generator on the regonant frequency of 
the resonator being explained in Ref. ¢ (Op.cit.). It was shown 

that the irregularities of beam emission along the resonator intro- 
duce frequency drifts The influence of the non-resolved comporents 
of the hyperfine structure was shown by K. Shimoda (Ref. 31 J. Phys. 
Soc. Japan 1957, 12, 1006; 1958, 13, 939); the dependence of the 
frequency drift of tre molecular generator based on the hy perfine 
structure on the voltage of the sorter and on the beam intensity 
has been explained by N.G. Basov and A.N. Orayevskiy (Ref. 4s Radic- 
tekhnika i elektronika, 1959, 4, 7, 1185). The results discussed 
carnot be taken, however, as finai since none of the authors take 
into account the real velocity spread of molecules. First the in- 
fluence of various parameters, including the velocity spread cf 
molecules has been analyzed. Starting with 
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’ (1) 


, w 


given in Ref. 1 (Op.cit.) for the oscillations frequency of @ mole- 
cular generator where 


Mit + ine 
is the average complex polarization of the molecular beam, \ - is 
the required frequency, i. the self resonant frequency of the re- 


sonator having the quality factor Q, it is shown that this equation 
.rovided » is properly evaluated, must take into account all fac- 
tors affecting the frequency and its stability. These, state the 
authors, are listed in Ref. 4 (Op.cit.). After several mathematical 
transformations 4nd assumptions, the Bq. (1) for two levels is de- 


rived as 
Jeu fr S59 Bora] (6) 
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where 
ids es DM in! dm Pts, 
m 


Bee St Ae 
HERS eee Witenes (7) 
<a _ eee 


m 


and WW) is such thet w= 4, + uw - frequency of the molecular 
m 1 m3; Mm 


transition; qn ~ matrix element of the dipole moment qn = qd, AS 


where dy - the dipole moment, Ae determines Gn on quanta numbers 


characterizing the given transition; 
ae aa 7 
Im = T= Zs 
nce Se | Serer, 


E= the field amplitude in the resonator; 0 - the average transient 
time of molecules through the resonator. Js and Jin are given by 
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F () (1 —“it me) dd, 


1—cos7,, 0 q 5) 
eg oe 


n= 


- 
ma | F (¢) im 
tt) 

where F(0) - time distribution of molecules in resonator. Functions 


G and “\ have been evaluated using an electronic computer and are 
represented graphically for the spectral line of ammonia Ni4H, J = 


3, K = 3. The rest of the theoretical results are based on N.G. Ba- 
sov, G.M. Strakhobskiy, and I.V. Cheremiskin (Ref. 5: Radioteknnika 
i elektronika 1967, 6, 6) and given as graphs. Fig. 3 shows the de- , 
pendence of frequbney on the pressure p in the molecular beam sour- - 


ce with factor 3 tompensated for line J = 3, K = 3, N14H,. The 
pressure p is given in relative units. Fig. 4 shows the dependence 
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of frequency on the voltage at the sorter. Effect No. 3 is compen- 
sated for the line J = 3, K = 3 NI4H,. Fig. 5 is the same as Fig. 


4 but apparently for J = 3, K = 2 N14u, fAvstractor's note: This 


would seem to be an error. The graph_shows the detuning 4f as 
function of pressure p in the source/. The experimental verificati- 
on of the theoretical results was carried out on a molecular gene- 
rator using the line of the inversion transition of ammonia N14H3 
= 3, K = 2 which has no quadruples of the hyperfine structure. 

Three exactly similar generators were used each having two molecu- 
lar beams running in opposition. The schematic diagram of the gene- 
rator is shown in Fig. 7. In it a - sources of molecular beams; 

1 - quadruple condensors, c - resonator; d - diaphragms cooled by 
liquid nitrogen. The resonator was made of invar, excited in Eqgin 


mode, the length of the resonator was 11.2 cm which corresponded to 
the transit width of the line of 1 Ke/s, q - 9000, timed within a 
few megacycles. Sorting of molecules according to their energy le- 
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vels was achieved using quadruple condensers having a .ength cf 
15 om. A diaphragm was used to increase the beam intensity. The 
aperture of the diaphragm was 0.6 cm. The diaphragm was cooled by 
liquid nitrogen the molecule beam was obtained by a grid having 
square holes 0.05 ° 0.05 mm¢, spaced 0.05 mm from each other. The 
signal from two molecular generators Was applied to a balanced mi- 
xer of a superheterodyne receiver, the local oscillator of which 
was stabilized by a cavity resonator. The IF was 60 Mo/s, the ;ass 
band of the IF amplifier 2 Mc/s. At the output, the difference 
frequency of the two generators determined from a Lissagian figure 
was compared with the frequency of an audio generator which in 
turn, by using @ crystal controled generator could have the fre- 
quency adjusted and measured with an accuracy of 0.1 to 1 c/s. The 
ressure within the source was measured by a p§essure tube JIT-c 
LT-2). The overall tuning accuracy of the molecular generator 
achieved by adjustments of its various parameters was around 3c/s. 
The experimental results are given in the form of graphs. It is 
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stated in conclusion that a molecular generator, having two similer 
and opposite beams working at a line without a hyperfine structure 
and having a symmetrical construction, can be used as an absoiute 
standard of frequency time with an accuracy of 10-10, There are 10 
figures and 6 referencess 3 Soviet-bloc and 3 non-Soviet-bloc. The 
references to the English-language publications read as foliowss 

K. Shimoda, T.C. Wang, C.H. Townes, Phys. Rev. 1956, 5, 102, 5, 1308 
K. Shimoda, J. Phys. Soc. Japan 1957, 12, 10068 1998, 13, 939; 

J.P. Gordon, Phys. Rev. 1955, 994, 1253. B 


ASSOCIATION: Fizicheskiy institut im P.N. Lebedeva AN SSSR (ins ti- 
tute of Physics im. P.N. Lebedev, AS USSR) 


SUBMITTED: June 17, 1960 
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AUTHORS: JABOV, We doy RPK GT ive N,, Urayevariyy, a. de, Gtranicvanly, 
Ge Me, Chikcnacthev, B. lA. 
TITLE: Investigation of resativiatic effects wilh the aid of 


molecular and atumic frejuency standards 


rERIODICAL: Uspekni fizieneskict Haut, V- 79, now 1, 304s 4. 49 

TEXT: The present paper gives a survey of experiments verifying tre 
general theory of relativity, some probiems in special relativity tseorv, 
and cosmological hypotheses py means of molecular and atomic frequency 
atandards. V. L. Ginzburg LUFN, ith, 14 L150} 3 abe "Bynshteyn i 
sovremennaya fizika", M., Sosteknizdat, 1456, str. 93 - 149° made 
suggestions for e 
By means of cesium frequency standards with two separate resonators, ar 
absolute frequency stability of eqhsia was attained. a4 further 
jmprovement of the stability of cesium standards requires the use of 
narrower spectral iines. Wits slow moiecule beams, an absoiute stati.ity 


Card 1/4 


a 


the experimental verification of genera: re:ativity txreory. 


¥ 


Tie 


APPR : 
OVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381 


"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001238: 


27483 
S, 253,07 L75, vol sou 
Investigation of reiativistic etfects... B12:/3108 


; 


of up to io” wag reached. aA certain increase of stabiiity aay be 
attained using a beam of tinai.ium atoms instead cf cesium. Up to now, 
however, the autsors Lave no information on such use of tn@s.ium. Tre 
electrical resonance metnod, 1. 8., tne use of spectral lines of a 
molecular beam caused by tra:.sitions tetween rotational levels, guarantees 
the same stability as in cesium standards. The frequency standards relying 
on spectral lines of monatomic alxaline metals permit very sensitive 


? . : oot -1 
indications. quartz resonators, too, give a stability of tu ~ and, wren 


immersed in liquid Feliusz, even sf 1% Tne power of mciecular 
generators has to te axjp.ified ty means of a low-noise am,iifier (ee Bey 
JEG(iLbv)) and an amplifying «.ystron. Seif-tuning ia necessary for ‘igs- 
precision frequency measurements. In measurements of tie gravitationai 
frequency shift ty means cf moiecu.ar generators on board of artificia. 
satellites, the 1nfiuerce of tre tirst order pop lier effect ras to re 
eliminated. This car te dcne, for instance, by an exact measuremer* of 
long time intervals on tue Earth and on the gateiiite with subse juent 
comparison by radiocs.munication. Anolner metnod of this kind is based or. 
the mixing of a signal emitted from tre Earth ‘frequency f, Wits tie signa. 
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of a molecular generator. con tne sateliite (frequency 2f;. Llonvuspnerie 

and tropospheric fluctuations nave to be taker into account. ‘Measurements 
of the gravitational shift of frequency are being prepared ‘Sci. News 
Lett., 16, 55 {July 18, 1459,,. The gravitational shift may ce measurei 
from two points of different altitude on tne Earth's surface mountain, 
without the use of sateii:ies and, tnerefore, witnout consideration  )f tne 
Doppler effect of first and second srder. For 3 + 7.¢ km and f . 1. ~ ous, 


3 


Af = 3.4°10 ° cps. at Eresent, two first-order experinentsa are known for 
the verification of special relativity theory. In one of tnem ;:roposed 
by Mélier and carried out ty Townes,, two inversely directed Leams of 
excited amzonia molecules were sent toward each other tnrougr. tne norizontu 
resonators of two molecular generators mounted on & rotatavle ;iate. Tne 
expected frequency deviations were not found in these experiments. Tne 
other first-order experizent witn respect to .v c} is based on te 
measurement of the phase difference of two nonsynchronized mo.ecuiar 
generators placed on a rotatable tase at a distance of a few meters. ‘Some 
cosmological effects may te verified experimentaiiy by means of sies-y 
stable atomic clocks. Ar idea of ¥. a. For 3. Me Straxnovssiv, Lonk.nd 
na Lomonosovskikh citeniyak: v Muu, 1456, concerning singu.ar reference 
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Comparing tre moticn of a £1: th-precision atomic cicock with tse revolution 
period of an Earth sate..ite. Tne eccentricity of the Barth's orbit may 
also have ag influence or tne sravitational constant, The hypothetical 


time dependénce bau me bug sf tre fine structure constant . (i. be 
Landau et al., DAN SSSh, hs 4-75 nee "477 Teg’ can te verified 
experimentally by comparing the motion of two atemic c.ocks of different 
types. The cnaracter of grayitation may be determined by another series 
of experiments. There are 31 figures ard 113 references: 47 Soviet and 
66 non-Soviet. The tiree most recent references to Englisti-ianguage 
publications read as folivwa: Missiles and hockets, No. 1, 1964, pe 24; 


B. Hoffmann, Fhyse Hev. ‘21, £37 (1%61,; Se M. Bergmanr, J. Apiae FuysS. 2°) 
275 (1960). 
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859 - 865 


a2yP: A theoretical and experimental investigation of the alterna- | 
tive tuning method by means of the external magnetic field is pre- be“ 
sented, applied to a maser using the line J = 3, K = 2 ni4H, and ts 


wo equal and opposite molecular beams. The physical principle of 
magnetic tuning, relying on a split of the spectral line, is explai- 
ned, and basic formulus are given for the frequency of oscillation 
for the simpler case of two fdentical energy levelo and a single 
spectral line in the absence of a magnetic field. Corresponding ex- 
sressions follow for the more general condition of two spectral line 
components, in terms of resonator natural frequency, Q-factors of 
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cavity resonator and of the spectral line, saturation parameter, mo- 
lecular dipole moment, electric field amplitude, mean passare time 
across tne resonator, Zeeman spectroscopic splitting factor, nuclear 
magneton and the external magnetic field. The investigated inver- 
sion line has 6 intervals, leading to 6 components, and by calcula- 
ting the Hamiltonian interaction forces the magnetic molecuiar reci- 
procity constants are obtained for upper and lower levels. A brief 
description of the experimental verification is given, illustrated 
by curves showing frequency constancy for the pressure method of 
tuning and three magnetic tuning experiments undertaken at constant 
low, medium and high pressures. There are 2 figures and 1 table. 
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no. 0, Isle, 1529-1535 


Sos: A Suubae regunetor moreucuie generator 1s investigatea. it is shown 
that a moiecdlur current polarized by 4 monochromatic emission excites 2a 
monochromatic oscillation in 4 resonator on which it ig incident. The 
frequency of this oscillation coincides with the frequency of the polarized 
emission. a Change in tie eigenfrequency of the resonator affects only 
the aupiitude and phage of the excited oscillation, not its frequency: 

The emission with frequencies different from that of the polarized field 
4g incoherent. Therefore it is not necessary to take the effect of 
coherence into account while calculating the noise produced in quantum 
generators and amplifiers by spontaneous emission. If the polarized 
emisaion is not monochromatic the response of the resonator is also not 
monochromatic for small intengities- The spectrum of the response affects 
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TITLE: Theoretical investigation of the frequency stability of a 
maser 


SOURCE: AN SSSR. Fizicheskiy institut. Trudy*, v. 21, 1963, 3-67 


TOPIC TAGS: maser, frequency stability, maser frequency standard, 
mager time standard, maser monochromaticity, maser error, maser 
frequency drift, ammonia maser, maser quadrupole structure 


ABSTRACT: Several problems connected with the construction of a 
frequency (time) standard based on a maser are considered theoreti- 
cally. Maser equations are derived not only for monochromatic but 
also for arbitrarily time-varying transient processes. The locking . 
of a maser by an external signal is considered on the basis of the 
derived equations and the monochromaticity of maser oscillations is | 


Alert ores ray eae rare 
i ee ee 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381 


ee aed 


"APPROVED FOR RELEASE: Tuesday, August 


EE 


01, 2000 CIA-RDP86-00513R001238: 


Re 


Sa aR Tee ees BAY Sree ees 


ACCESSION NR: AT3012115 7 
i 
} 


investigated. The effect of the waveguide system on the maser O8~ 
cillations is taken into account. Effects influencing the maser os~ 
cillation frequency, evaluated as a function of different para- 
meters, are analyzed. It is noted that the amplitude dependence of | 
the maser frequency can cause a shift in the maser frequency when 
extraneous power, particularly from a neighboring generator, pene- 
trates into the cavity. Different methods of tuning the maser fre- 
. quency to that of the spectral line are discussed. The possibility 


of tuning the maser by modulating the line width with the aid of an 
external magnetic field is estimated. The possible use of two cou~ 
pled cavities to tune the maser frequency to the spectral line is 
considered. It is shown that a maser with two, gpposing molecular 


beams, operating on the J = 3, K = 3 line of N-“H3 can have stability 
'. (5-7) x 10729. To obtain higher stability (~10710) a line must be: 
‘used without a quadrupole hyperfine structure (for example J = 3, ° 
K = 2). It is shown that to tune the maser frequency accurate to 
‘10729 it is necessary to compensate for the maser frequency shift: - 


~ 


Card 3/6 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381 


eRoyee betes Luelaed ae Best Lh ae of; one _CIA-RDP&6- uiackeanencian 


~ continuous interest and great help with the work.” Orig. art. has: 


ACCESSION NR: AT3012115 


due to the nonuniformity of radiation of the molecules along the re- 
sonator by using two identical opposing beams. The possibility of 
tuning the frequency of a maser to a spectral within 5 x 10710 by the 
method of two coupled resonators is considered. The maser frequency 
error due to the waveguide system and to extraneous powér sources 

is 10°8--1079 and good decoupling is necessary to eliminate this 
error. Prospects for, further increase of the maser stability have 
been considered and it is shown that beams of "slow" molecules offer |: 
‘promise of stabilizing maser frequency within 107 ll, Experimental ie 
confirmation of many of the theoretical deductions is cited from 
literature sources. "The author is grateful to V. V. Nikitin, G. M. i 
Strakhovskiy, and I. V. Chereminskiy for supplying the experimental 
material prior to publication and for discussion of the results, and : 
also K. K. Svidzinskiy for a useful discussion. The author is par- + ° 
ticularly grateful to corresponding member AN SSSR N. G. Basov for 
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ABSTRACT: A theoretical and experimental investigation of transients occurring 
in a maser is reported, from the moment of entry of the active-molecule 
beam into the resonator. Equations are developed which describe the transients; 
the form of these equations is similar to that of equations describing quasi- 
stationary conditions. It is found that the effect of the beam intensity on the 
quiescent time and the total transient time ie stronger than the corresponding 
effect on the steady-state amplitude; thie permite using the method of amplitude 
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transient characteristics for balancing beam intensities in two-beam masers. 
The phase and frequency in a maser are established in a different manner than is 
the amplitude, which should be borne in mind when dealing with the various 
methods of aligning a maser for its radiation line. The oscillating nature of 
the theoretical amplitude curves provides some reason to believe that an auto- 
modulation mode is possible in a maser under certain conditions. "The authors 
wish to thank A. V. Uspenskiy for his comments." Orig. art. has: 9 figures 
and 2] formulas. 
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ABSTRACT: The maser with two 


previously been stud- 
It has been shown that the amplitude and phase 
of the field in ‘the second resonator are given by the expression: 
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modulation of the field in the second resonator due to periodic variation in the 
transit time 7 = 2(¢)/v. The amplitude of the phase modulation is found from ex- 
pression (2). Periodic modulation of the distance between the resonators may be 
used to record small changes in the phase difference between the oscillations in 
the first and second resonators since the method of synchronous detection can be 
used in this case. The advantage of this system for tuning is that it eliminates 
the effect of the traveling wave on the tuned frequency. If the spectral line used 
for emission consists of a single component, frequency w, will coincide with the 

; transition frequency w2,}. Orig. art. has: 2 formulas. 
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nto account the presence of an absorbing impurity in the mediun. atin ae 
that the modified system of equations is nearly linear and. can be #0 » i. 
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it ond the active particles exceed the absorbed power, 16 
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quencies, ‘occupied by: emission Lines, ‘the. modes. are. lly assumed to ba: indepen 
‘However, in. ‘practice: “there is: always. some: coupling. between. then,’ a 
onator; properties of the substance 


4 ermined. by. the geometric. parameters of the res 
arly 5: “this coupling ‘should. influence: the: physical: processes in the resona 


ing ‘spontanecus | ‘and induced ‘excitation of particles. in its 1 The: probabil: 
; aneous ‘emission ‘is: calculated by. a: ‘method -analogous. to. one ‘used: jn. a pre-. 
ous - work :coauthored. by ‘Orayevskiy 5, assuming that. the energy: ‘spectrum of the par-- 
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“TOPIC -‘TAGS:. laser?’ mlinear effect, laser optics, harmonic analysi3. 
harmonic generation < ne 


* . 
ABSTRACT: The authors consider the effect of saturation on the generation of 
; higher harmonics in pulsed lasers, based on the model of a two-level system, assum- 
; ing that the frequency of the external radiation is close to the interlevel tran- 
|. sition frequency of the system. The equations of polarization for this model are 
given and solved for the field 


$= Sy os abt 83 008 (Suet + a). 
This solution is used for qualitative evaluation of the polarization amplitude at 


the tripled frequency as a function of the amplitude of the external field. In 
view of the linearity of the Maxwell equations, the field amplitude for the third 


Card _1/2 


ae ee oe em a ae nee oe oe 
ee ~ tee ee ee ee ee eee 8 


mann ee ee 
= = =F. Ronhtiiesaeesen are 
z =: = SCAT ean Rea: 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0012381 


APPROVED BOR anaes Hest ueuet Oh; 200 CIA-RDP86-00513R001238: 


OL 1072-66 © LN ee TOT TSO aT AE TIT SOS OE 


“ACCESSION WR: APSONGLON = =. oO} 
pavaonie will have this same relationship to the amplitude of the external field. | 

|. The Srenetoevatice ratio from the first to the third harmonic fos $s, 

ry 


ee nich gives the «eificiency of the crystal ., will be proportional to a in small 


: Fields, and independent of the external field in large fields due to saturation. 
‘The efficicacy of frequency transformation becomes constant in large fields when | 
there is un absolute increase in the intensity of the third harmonic with an in- 
‘| evease in the amplitude of the senate radiation. Orig. art. bas: 7 formless. 
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ae | ABSTRACT: Te authors point out that at present there are many 

“| hypotheses concerning the theory of laser pulsation, although none 

i give a satisfactory explanation of all the experimental facts. They 
review briefly presently known facts concerning the random pulsaticns 
; and quasicontinuous pulsation mode, as well as the various theoretical. 
i hypotheses advanced on pulsation theory. They then analyze the oe 
i character of the nonstationary processes in a two-level system within > 
; 
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ramework of a single oscillation mode, and the conditions under 
: they: arise. They use a model of a substance with two relaxa-. — 
times. The equations of the two-level laser are derived 
rously and also in the form of approximate velocity equations, ; 
and the applicability of the latter as well as ways of increasing, 
their accuracy are discussed. Modes that can be reconciled with a 
system of equations in which nondiagonal elements of the density 
matrix are included are analyzed. The transient in a two-level = 
yenerator, as deduced from the analyzed equations, are briefly des- 
eribed. The authors solved the system of equations they derived 
with the aid of a computer for the case two oscillation modes and 
obtained damped pulsation regimes. They arrive at the following 
conclusions: 1) the sum of the amplitudes of the two modes execute 
ar damped oscillations, and the amplitude of each of them 
tes: irregular oscillations; 2) the amplitudes in two different 
| ilsate in phase opposition. Some disparity between their 
3ults and the results of others is pointed out. Orig. art. has 
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TITLE: Nonlinear mode interaction in a Aaser 25. 4 
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SOURCE: Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v. 49, no. 3, 1965, | 
TOPIC TAGS: laser, stimulated emission, nonlinear optics, oscillation mode : 
H 

ABSTRACT: A theoretical analysis is conducted of the operation of a two-mode | 
solid state laser. It is shown that the mode interaction can be described by 
8 set of rate equations and that the steady-state regime is stable. The solution 
of the system of equations depends on the frequency difference of the modes. The 
two possible cases, nearly biharmonic and nearly harmonic oscillations, are analyzéd. 
In the case of close modes the steady-state regime may be unstable, resulting in the 
appearance of undamped spiking. The laser operating regime is shown to depend on | 
the shape and position of the mirrors and the quality of the crystal. Orig. art. 
has: 17 formulas and 1 figure. [cs] ; 
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TITLE: Dynamics of a two-mode laser _ os 


SOURCE: AN SSSR. Doklady, v. 162, no. 4, 1965, 781-78h 
TOPIC TAGS: laser, stimulated emission, mode, laser theory, laser cavity 


ABSTRACT: A theoretical analysis is made of the operation of a two-mode laser. 

| Simple substitution is used to obtain an equation containing the polarization and 
1 the electric field from a set of equations for a one-mode laser. ‘The equation ob- 
» 1tained can be expanded in terms of the eigenfunction of the field. ‘Two special 

- | eases are considered: 1) eigenfrequencies much greater than the width of each of 

~ the resonance lines and oscillations occurring at both frequencies (nearly bihar- 
‘| monde oscillations) and 2) resonance curves overlapping considerably (nearly har- 
monic oscillations). In the case of nearly biharmonic oscillations, applicatton of 
van der Poi equations to the system of equations obtained py the authors results in 
_ {a set of rate equations which, under certain simplifying assumptions, are identical 
le those obtained by W. E. Lamb (Physical Review, v. 134, no. 6A, 1964, p. 1429). 
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In the case of nearly harmonic oscillations, application of van der Pol equations 
“d leads to a set of equations for slow oscillations. An analysis of the resulting 
“. | equations shows that the intensity of emission consists of regular undamped oscil- 
: | lations and explains some of the experimentally observed operating regimes. How- 
of ever, the actual regime is much more complex and requires analysis of the inter- 
:, {| action of a larger number of modes. Orig. art. has: 5 formulas and 1 figure. 
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“TOPIC TAGS: cm laser, ring laser, helium neon laser, laser R and D, traveling 

. Wave interaction 

‘ "ABSTRACT: An investigation of beat frequencies in traveling waves generated in a 
‘ping laser on a rotating platform may be used for highly accurate analysis of the 

/ ispectral, statistical, and other characteristics of laser emission. However, fre- 
iquency splitting 4 of the traveling waves takes piace only at rates of rotation v 
igreater than some critical velocity Ver (or the corresponding quantity Aoy=2kVoy/T, 

_ lwhere v is the linear velocity of a resonator mirror, k is the wave vector). Cou- 

pling between traveling waves causes mutual synchronization at frequencies below the 

- lepitical value which results in single-frequency conditions. The authors studied 
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the quantity 4,, as a function of the parameters of a ring laser. A helium-neon 
laser was used Tn this experiment (A=3.39 ). A spectral analyzer was used for 
= ‘measuring the beat frequency 4. The capture band dcr was studied as a function of 
ithe coefficient of transmission for the output mirror. A reduction in transmission 
causes a sharp change in the capture band. Experiments were conducted on attenua- 
tion of the beam reflected from the external mirror by using a filter. Attenuation 
.of this signal reduces the capture band. Various optical systems were used for 
' passing the direct and reverse beams to the photoelectric mixer with a simultaneous 
j Feduction in the energy reflected into the resonator from the external mirrors. 
; Figures are given showing two modifications of systems for reducing the capture band 
'to 300 cps. The @ of the resonator was reduced for a further reduction of the band. 
i This was done by replacing one of the opaque mirrors in the resonator with a semi- 
‘transparent mirror. The result was a reduction in the capture band from 300 to 50 
_eps at. the same output power. The magni tude of the capture band is determined by ‘ 
the reverse reflection of energy from various elements -in the resonator, scattering i 
:by nonhomogeneous media, and the nonlinear dependence of polarization on the field. 
the authors ar2 grateful to_N. G. Basov for valuable consultation and interest in 
‘the work and to V. V. Gromov for assistance in carrying out the experiment!’ Orig. 


‘art. has: 2 figures, 2 formulas. {14] 
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SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki. Pis'ma v redaktsiyu. 
Prilozheniye, v. 3, no. 12, 1966, 468-471 


TOPIC TAGS: laser application, laser radiation spectrum, molecular spectroscopy, 
receiver resolution, hyperfine structure 


ABSTRACT; The authors show that in a laser it is possible to resolve spectral 
components within the limits of a homogeneously broadened line, so that a spectro- 
scope based on the use of such a laser can have a resolution limit determined by 
the width connected with the monochromaticity and stability of the radiation 
source. ‘The spectruscope consists of 4 previously-described laser with two cavi- 
ties in tandem (Pis'ma ZhETF v. 2, 77, 1965). Modulation of the distance between 
the two cavities normally modulates the signal in the second cavity, but if the 
signal frequency coincides exactly with the peak of the spectral line, then the 
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n does not cause phase modulation. Since the position of the 


distance modulatio 
ignal in the first cavity, it is 


line peak changes with the magnitude of the 5 
possible, by measuring the generation frequency at which the phase of the second 


cavity does not depend on the modulation of the distance between cavities, to ob- 
tain at different signal values as many independent equations as there are hyper- 
fine structure components in the line. Simultaneous solution of these equations 
determines the positions of the hyperfine components. A soemple calculation is 
given for a line with two components, and it is shown that for cavities 10 cm 
long spaced 10 cm apart, a mean beam velocity 6 x 10 cm/sec, a modulation frequen- 
cy 10 cps, and 4 detection time of 1 sec it is possible to resolve spectral com- 


ponents separated by several cps. Orig. art. has: 2 formulas. 
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“TITLE: Effect of irregularity of radiation of molecules on maser frequency 
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TOPIC TAGS: maser, maser theory . 

’ MBSTRACT: In explaining why maser frequency changes on 4ntroduction of a second 
molecular beam, K. Shimoda, et al., believe that the traveling wave is connected with 
-the energy flow into the output waveguide (Phys. Rev., 1956, v. 102, 13083 J. Phys. 
-Soc. Japan, 1961, v. 16, no. 9, 1728). The present article disputes this point and 
offers a different explanation for the "traveling-wave effect". It points out . 

that even when the output wav 4s absent, the maser frequency deviates due to 

| -Arregularity (or nomuniforaity) of molecule flight in the resonator, with or without 
‘| saturation. The field nonuniformity in a two-bean system is lower roughly by two ~ 
‘orders of magnitude than in the one-beam system. "The authors wish to thank i 
‘i. Q. Basov for the problem statement and discussions." Orig. art. has: 1 figure. 
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i} 
ABSTRACT: The differential equation for the intensity of laser emission, which in tha 
case of solid-state lasers reduces to an equation whose stable limiting cycle cor- 
responds to undamped oscillations of the laser emission intensity, is solved analyti- | 
i cally. It is shown that the solutions obtained approximate quite closely the phase 
trajectories of the system in a case of large depth of modulation. The solution con-_ 
sists of two parts. The first corresponds to a slow motion when the active particles 
accumulate and the amplitude increases relatively slowly. The second represents an 
increase in amplitude followed by a release of the stored energy by radiation during ; 
a short pulse. The analytic relations obtained are used to calculate the parameters 
: of a scheme proposed by the authors (Paper at Scientific Congress in Leipzig, March 
1 1965) to obtain short light pulses (Fig. 1). The periodic solution of the equations 


| 
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Fig. 1. Diagram of equipment for generation 
of short light flashes 


L - Laser; A - amplifier. 


is obtained and a numerical example is presented. It is shown that radiation pulses 
of 5.6 x 107!) at half-power points with depth of modulation almost 100% are 


feasible in.such a scheme. Orig. art. has: 1 figure and 19 formulas. {02] 
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ABSTRACT: The purpose of this combined theoretical and experimental 
investigation was to assess the possibility of increasing the power 
of different gas lasers by choosing optimal operating conditions 

| (pressure of mixture, partial pressures of the individual components, © 

- pump. power, mirror transmission coefficient, diameter and length of 

\ discharges). The divergence of the beam and the spectrum of the 
generated radiation as functions of the outward power of the genera~ 2 
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tor. are also investigated. Using a neon helium mixture and a. 
da power of 100 MWat ~ { 


special laser design, the authors obtaine 
1 tube radius of 8 mm and length 3 meters. 


characteristics were measured as a function 

r. Reduction of the beam divergence by filtering 

: Rotating-laser apparatus construc- i 

: t of the laser emission spectrum (a modifica- | 

tion of the Sagnac experiment ) 4s described. The results show that | 
d by adding a buffer 


the output power of the Jase 
gas to intensify the decay of the metastable neon, by increasing 


he temperature of the working gas, by using pulsed excitation to 
_populate the upper working level, by 4ncreasing the resonator length: 
‘and the length of the. discharge tube, and by decreasing the trans- i 
“lyerse dimensions of the discharge tube. The authors thank Yu. _P. i 
1: Trokhin, V._N. Lukanin, B, I. Prokopov, B. I. Belov, F. S. Titov, : 
+ and A..F. Suchkov for a discussion of the results and help with the 
aleulations. Orig+ art. -has:. 16. figures and 13 formulas. 
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| 
ABSTRACT: An experimental investigation is reported of a maser (see figure) with 
two series resonators and two opposing beams; one’ 
resonator functioned as a generator, the other, as . 
an amplifier. Inthe figure: 1 - sources of | 
molecular beams, 2 - sorting systems, 
3 - resonators. Oscillations in the above maser were calculated for far-from- 
saturation operating conditions; the generation frequency was assumed to be close to 
the molecular-transition frequency. In the experimental model, the resonator length 
was 2.3 cm, distance between the resonators, 16 cm. Experimental curves of: 
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generation frequency and amplitude vs. tuning of the generating resonator (at 

pressures 0.3, 1, 1.5 torr in the amplifying-beam source); generation frequency vs. 
tuning of the amplifying resonator (at the same pressures) are shown. The experi- 
mental characteristics have two frequency and amplitude jumps which are explained 
by two additional side maxima frequency-spaced from the principal maximum by 
1.2T7'; the generation between the jumps takes place on different peaks of the 
Rameey curve. It is found that the line width in the above system is 1/5 to 1/4 that 
of a aingle-resonator maser. Orig. art. has: 4 figures and 3 formulas. 
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TITLE: Synchronization of spiking in lasers a 
SOURCE: IVU2Z. Radiofizika, v. 9, no. 4, 1966, 710-714 


TOPIC TAGS: laser R and D, laser theory, solid state laser 


ABSTRACT: A. J. De'Maria et al.discovered experimentally (J. Appl. Phys., Vv. 34, 
1963, 453) that regular pulsation of the radiation power with a frequency of an 
external force is obtainable ina laser by means of a periodic modulation of losses | 
in its resonator. The present article offers a theoretical analysis of this 
phenomenon. The fundamental equations of a Q-switched laser are replaced by this | 


“ 3 
approximate nonlinear conservative equation: x+x(1+x)— ner =0; the motion 
x 
integral of this equation is: x?=(1++) [C+2in (14+x)—2x], 


this integral defines the phase trajectories of the equation and permits solving ~. 
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the equation by quadratures. This equation takes into account interactions between 
modes and contains stable maximum cycles. The maximum cycles are due to small 
nonlinear losses which depend on the amplitude of oscillations and which arise 
as a result of modes interaction. In the case of a ruby, the nonlinear losses that 
amount to about 0.0001 radiation loss through the mirrors may result in a stable 
maximum cycle. This cycle may be interpreted as a result of a mutual synchronization 
between phase-shifted modes. Several maximum cycles can arise in a multimode model, 
depending on the relations between the modes. Depending on phase relations, various 
time-intensity relations are possible. With random phase relations, the output will 
be irregular. "The authors wish to thank N. G. Basov for a useful discussion and 
V. I. Bespalov for his critical comments.” Orig. art. has: 1 figure and 25 formulas. 
[03] 
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ABSTRACT: Tne authors report continuous peneration from a GaAs ‘semiconductor laser 
with epitaxial pn junction operating with the medium at 77K. The junction was pro- 
duced by liquid epitaxy by the method of jj. Nelson (RCA Rev. v. 24, 603, 1963). ‘Tne 
epitaxial layer<was doped with tellurium’to a density ~) x 1028 om73. A Fabry-Perot 
type resonator Was produced by cicavaye along the (110) planc. Emission values of 
the spectra of the same diode, obtained at different values of the exciting current, 
in pulsed or continuous operation, show that the maximum of tne recombination spec- 
trun shifts toward shoreter wavelengths with increasing current; tnis shift is due vo 
the "dispersal" of the Fermi quasiievels with increasing pump energy, and also to ine 
snift to the long-wave section of the spectrum in the continuous mode, relative to 
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the spectrum in the pulsed mode, connected with the constant heating of the active 
region in the continuous case. This difference between the spectra in the two ponies 
4s larger for small currents und decreases on approaching the threshold curreit. Tue 
latter effect is connected with the presence of deep electronic levels with very iow 

| state density. Coherent radiation in the continuous mode occurs at a current. of 250 

, ma (612 a/cm*). The narrow spectral line appearing in this case corresponds most 

| probably to the non-axial “annular” type of resonator oscillations. At 410 ma (1020 

a/cm®), a new system of coherent lines appears, which can be interpreted as corres- 

' ponding to axial modes of the cavity. The total emission power of the diode for which 

| the spectra are presented is 5 mW at the appearance of the first coherent line and 

| 70 mW at a current 1.5 a. Orig. art. has: 1 figure. {02] 
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